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FIELD OF THE INVENTION 



The present invention relates generally to copper-bearing aluminum alloys and 
processes for making the same. More specifically, the present invention is related to age- 
hardenable, high strength aluminum alloys and processes of making the same. 



Aluminum alloys have been used in the past in forming a variety of articles or 
products for structural applications. Some of those aluminum alloys are used in, for 
example, the aerospace industry. Designers and manufacturers in the aerospace industry 
are constantly trying to improve fuel efficiency and product performance. One method 
for improving such items is to produce lightweight materials that still maintain or even 
improve relative strength. 

The strengthening of age-hardenable aluminum alloys has traditionally involved 
solid solution heat treating, quenching and natural or artificial aging. Natural aging 
generally consists of allowing the solution heat treated aluminum alloy article to keep at 
about room temperature for a significant period of time. It is, however, commercially 
more feasible to artificially age these articles for shorter times at higher temperatures than 
room temperature. The strengthening of some aluminum alloys may include cold work, 
such as compression or stretching of the article. Cold work is typically performed on the 
age-hardenable aluminum alloy article before it is aged. 

Accordingly, a need exists for a high strength aluminum alloy and processes for 
making the same. 
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BACKGROUND OF THE INVENTION 



SUMMARY OF THE INVENTION 

According to one process, an article made from an alloy comprising at least 

aluminum and copper is thermally treated. The process comprises solid solution heat 
treating the article, quenching the article, heating the article to a first temperature of from 
about 275 to about 340°F and artificially aging. The article is artificially aged at the first 
temperature for a duration of at least about 30 minutes. The article is artificially aged at a 
second temperature of from about 325 to about 380°F for a duration of from about 4 
hours to about 36 hours. The second temperature is greater than the first temperature by 
at least 10° F. 

According to another process of the present invention, an article is hot deformed 
and fast cooled. The article is comprises at least aluminum and copper. The article is 
heated to a first temperature of from about 275 to about 340°F. The article is artificially 
aged at the first temperature for a duration of at least 30 minutes. The article is artificially 
aged at a second temperature of from about 325 to about 380°F for a duration of from 
about 4 to about 36 hours. The second temperature is greater than the first temperature 
by at least 10°F. 
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DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

The aluminum alloy articles or products of the present invention have high 

strengths. The aluminum alloys of the present invention include Al-Cu (Aluminum- 
Copper) based alloys, Al-Cu-Li (Aluminum-Copper-Lithium) based alloys and Al-Li-Cu 
based alloys. Copper is desirable because it assists in increasing strength without losing 
fracture toughness significantly by forming copper-containing precipitate particles. 
Lithium is often desirable because it results in significant density and weight reduction to 
the aluminum alloys, while increasing the strength and elastic modulus of those alloys. 

Other contemplated aluminum alloys of the present invention include Al-Cu-X, 
where X may be selected from materials such as zinc, magnesium, silver, manganese, 
silicon and lithium, and grain refiners such as zirconium, chromium, vanadium, indium, 
iron, hafnium, yttrium, lanthanides and combinations thereof Similarly, the aluminum 
alloys may include Al-Cu-Li-Y or Al-Li-Cu- Y, where Y can be selected from materials 
such as zinc, magnesium, silver, manganese, silicon, zirconium, chromium, vanadium, 
indium, iron, hafnium, ytrrium, lanthanides and combinations thereof 

The aluminum alloy articles or products of the present invention comprise various 
compositions. The aluminum alloys of the present invention generally comprise from 
about 0.1 to about 10 wt.% copper, with the remainder aluminum. The aluminum alloys 
of the present invention generally comprise from 0 to about 6 wt.% optional lithium and, 
more specifically, from 0 to about 5 wt.% optional lithium. More specifically, the 
aluminum alloys comprise from about 1 to about 6.5 wt.% copper and from about 0.5 to 
about 3 wt.% lithium, with the balance aluminum and incidental elements and impurities. 

The optional element of zinc is generally from 0 to about 9 wt.% and, more 
specifically, from 0 to about 4 wt.% of the aluminum alloy. The optional element of 
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magnesium is generally from 0 to about 8 wt.% and, more specifically, from 0 to about 4 
wt.% of the aluminum alloy. The optional element of silver is generally from 0 to about 2 
wt.% and, more specifically, from 0 to about 1 wt.% of the aluminum alloy. 

The optional element of manganese is generally from 0 to about 2 wt.% and, more 
specifically, from 0 to about 1 wt.% of the aluminum alloy. The optional element of 
silicon is generally from 0 to about 12 wt % and, more specifically, from 0 to about 1 
wt.% of the aluminum alloy. 

The optional element of zirconium is generally from 0 to about 0.3 wt.%, while 
the optional element of chromium is generally from 0 to about 0.5 wt.% of the aluminum 
alloy. The optional element of vanadium is generally from 0 to about 0.3 wt.%, while the 
optional element of indium is generally from 0 to about 1 wt.% of the aluminum alloy. 

One example of an aluminum alloy of the present invention that may be formed is 
Aluminum Alloy 2195. Aluminum Alloy 2195 nominally comprises 94.3 wt.% of 
aluminum, 4 wt.% copper, 1 wt.% lithium, 0.3 wt.% magnesium, 0.3 wt.% silver and 0.1 
or, more specifically, 0. 12 wt.% zirconium. 

The aluminum alloy articles formed by the present invention have high strengths as 
measured by ultimate tensile strength (UTS) and tensile yield strength (TYS). Ultimate 
tensile strength is determined by ASTM E557, while tensile yield strength is determined 
by ASTM E557. The ultimate tensile strength of an aluminum alloy article of the present 
invention at room temperature is generally greater than about 55 kilopounds per square 
inch (ksi), preferably greater than about 70 ksi and most preferably greater than about 75 
ksi. The tensile yield strength of an aluminum alloy article of the present invention at 
room temperature is generally greater than about 50 ksi, preferably greater than about 60 
ksi and most preferably greater than about 65 ksi. 
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The aluminum alloy article of the present invention also has a desirable elongation. 
The elongation of the aluminum alloy article is determined by ASTM E557. The 
elongation of an aluminum alloy article of the present invention at room temperature is 
generally greater than about 4%, preferably greater than about 6% and most preferably 
greater than about 8%. 

Solid solution heat treatment is traditionally performed on age-hardenable 
wrought aluminum alloy articles or products. The wrought article is formed from a hot 
deformation or fabrication process to its desired shape. The solid solution heat treatment 
embeds the aluminum alloy components in solid solution in a generally uniform manner 
throughout the aluminum alloy article. 

The aluminum alloy article is solution heat treated at temperatures generally from 
about 880 to about 1,030°F and, more specifically for Aluminum Alloy 2195, from about 
900 to about 1,000°F. The solid solution heat treatment of the aluminum alloys articles 
occurs at these temperatures for durations generally from about a few minutes to 8 hours 
and, more typically, from about 30 minutes to about 4 hours. The solid solution heat 
treating of the aluminum alloy articles should be of a sufficient duration to allow 
substantially all soluble alloy components to enter into the solution. 

After solid solution heat treating, fast cooling or quenching is performed on the 
aluminum alloy article. Fast cooling or quenching may be performed by various known 
processes in the art. Examples of quenching include water quenching, oil quenching, 
other liquid quenching or quenching by fast moving forced air. The quenching should 
occur quickly so as to maintain the super saturated solid solution from the solid solution 
heat treatment. The quenching of the aluminum alloy articles reduces the temperature 
from that in the solid solution heat treatment to generally room temperature (about 70°F). 
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The quenching is generally performed in from about 2 minutes to about 10 minutes. 

As discussed above, cold work may be performed on the aluminum alloy articles 
of the present invention. Cold work is generally defined as the introduction of plastic 
deformation at or near room temperature performed prior to first artificially aging step. 
Various known cold working practices include stretching, cold rolling, compression and 
cold forging. Cold work is typically performed at or near room temperature. Cold work 
can stretch or compress some aluminum alloy articles from about 1 to about 1 0 % and 
typically stretches or compresses those articles from about 2 to about 6%. Cold work is 
often performed on flat articles or products to reduce residual stress and increase strength 
after artificial aging. Cold work may not be performed on certain aluminum alloy articles, 
such as those with complicated shape forging or formed parts. 

After quenching or the performing of the optional cold work, the age-hardenable 
aluminum alloy article is subjected to artificial aging. According to one artificial aging 
process of the present invention, the alloys discussed above {e.g., Al-Cu, Al-Cu-Li, Al-Li- 
Cu) include two step artificial aging. 

The first artificial aging step of the present invention includes soaking the 
aluminum alloy article at a temperature generally from about 200 to about 340°F and for a 
time from about 5 minutes to several months depending on the temperature. The soaking 
may occur in air, hot oil, salt bath, or molten metal as long as the medium does not 
damage the aluminum alloy. More specifically, the first artificial aging step of the present 
invention includes soaking the aluminum alloy at a temperature from about 275 to about 
340°F for a time for at least 30 minutes and generally from about 6 hours to about 50 
hours. Optimal times typically vary depending upon alloy composition and age 
temperature. 
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The second artificial aging step of the present invention includes soaking the 
aluminum alloy at a temperature generally from about 250 to about 400°F for a time from 
about 30 minutes to about 500 hours. More specifically, the second artificial aging step 
of the present invention includes soaking the aluminum alloy at a temperature from about 
325 to about 380°F for a time from about 4 hours to about 36 hours. 

The temperature of the second artificial aging step of the present invention is 
typically from about 1 0 to about 1 00 °F higher than the temperature of the first artificial 
aging step and, more specifically, from about 15 to about 50°F higher than the 
temperature of the first artificial aging step. 

Some examples include a temperature of from about 200 to about 290°F for a 
duration of from about 24 to about 72 hours for the first artificial aging step, and a 
temperature of from about 320 to about 380°F for a duration of from about 2 to about 24 
hours for the second artificial aging step. In another example, the first artificial aging step 
uses a temperature of from about 200 to about 3 10°F for a duration of from about 12 to 
about 48 hours, while the second artificial aging step uses a temperature of from about 
320 to about 355°F for a duration of from about 8 to about 24 hours. In yet another 
example, the first artificial aging step uses a temperature of from about 3 1 0 to about 
330°F for a duration of from about 12 to about 36 hours, while the second artificial aging 
step uses a temperature of from about 340 to about 355°F for a duration of from about 4 
to about 24 hours. 

The second artificial aging step of the present invention may take place directly 
after the first artificial aging step {i.e., when the aluminum alloy article is still warm). 
Alternatively, the second artificial aging step may take place after the aluminum alloy 
article has been cooled to a temperature, such as room temperature. If the aluminum 
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alloy article is cooled, it needs to be heated to the temperature of the second artificial 
aging step of the present invention. 

In another process of the present invention, the article is hot deformed and then 
fast cooled or quenched. The hot deformation of the article may be performed at 
temperatures of from about 880 to about 1,030°F. The fast cooling or quenching is 
generally performed in the same manner and under the same conditions as described 
above. The article is then artificially aged at the first and second temperatures and 
respective durations as discussed above. Cold work may also be performed prior to the 
first artificially aging step. This process does not include a solid solution heat treatment 
step. 

Examples 

Example 1 

An aluminum alloy article (Aluminum Alloy 2195 described above) was solid 
solution heat treated at about 930°F for 30 minutes in an air furnace during superplastic 
forming process. After the solid solution heat treatment, the aluminum alloy article was 
quenched to room temperature by using forced air fans. Subsequently, the aluminum 
alloy article was artificially aged. The first artificial aging step was performed at an air 
temperature of 320°F for 30 hours and then the second artificial aging step was performed 
at an air temperature of 350°F for 16 hours on the aluminum alloy article. The aluminum 
alloy article was then cooled to room temperature. 

One sample of the aluminum alloy article of Example 1 was then tested for 
ultimate tensile strength (UTS), tensile yield strength (TYS), elongation as determined by 
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ASTM E577; The samples were tested about 2 hours after cooling to room temperature. 
The testing results of the sample of Example 1 are shown in the Table below. 
Example 2 

Example 2 was formed in the same manner of Example 1 except that the artificial 
aging steps were modified. Specifically, the first artificial aging step of Example 2 was 
performed at 320 °F for 30 hours and then the second artificial aging step was performed 
at 350 °F for 10 hours. One sample of the aluminum alloy article of Example 2 was tested 
for UTS, TYS and elongation with the results depicted in the Table below. 

Comparative Examples 3-5 

Example 3-5 were processed in the same manner of Example 1 except that the 
artificial aging step was modified. Examples 3-5 were comparative examples using a one 
step artificial aging step, instead of the two step artificial aging steps depicted in Examples 
1 and 2. Each of the different temperatures and the time durations of the respective one 
step artificial aging steps of Examples 3-5 are shown in the Table below. Additionally, 
one sample of each of the Examples 3-5 was tested for UTS, TYS and elongation with 
the results depicted in the Table below. 



THE TABLE 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


1 st Artificial Aging Step 












Temperature (°F) 


320 


320 


320 


320 


320 


Duration (hours) 


30 


30 


20 


30 


40 


2 nd Artificial Aging Step 






None 1 


None 


None 


Temperature (°F) 


350 


350 


None 


None 


None ! 


Duration (hours) 


16 


10 


None 


None 


None 


Ultimate Tensile Strength (ksi) 


77.1 


75.9 


69.5 


71.5 


73.1 


Tensile Yield Strength (ksi) 


66.1 


64.7 


45.7 


54.0 


58.2 


Elongation (%) 


8.2 


8.0 


15.2 


12.3 


10.7 



1 Examples 3-5 did not have a second artificial aging step. 
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As shown in the Table above, the ultimate tensile strength (UTS) and the tensile 
yield strength (TYS) of the two step artificial aging steps of Examples 1 and 2 were 
unexpectedly much higher than the UTS and TYS of the one step artificial aging steps of 
Examples 3-5. Compare 77.1 and 75.9 ksi with 69.5, 71.5 and 73.1 ksi for the UTS and 
compare 66.1 and 64.7 ksi with 45.7, 54.0, and 58.2 ksi for the TYS. The elongation 
values of Examples 1 and 2 were surprising also much lower than the elongation values of 
Examples 3-5. Compare 8.2 and 8.0% with 15.2, 12.3 and 10.7%. 

While particular embodiments and applications of the present invention have been 
illustrated and described, it is to be understood that the invention is not limited to the 
precise construction and compositions disclosed herein and that various modifications, 
changes, and variations may be apparent from the foregoing descriptions without 
departing from the spirit and scope of the invention as defined in the appended claims. 
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